Abstract. In order to conduct a comparative proteomics study of human nasopharyngeal carcinoma (NPC) to understand the molecular mechanisms that participate in the formation of NPC, the two-dimensional gel electrophoresis (2-DE) reference map of human NPC tissue proteome was described. To provide a high level of reproducibility between gels and accurately array each protein expressed in NPC tissue proteome, the two-dimensional polyacrylamide gel electrophoresis system, modified colloidal Coomassie Brilliant Blue staining method and ImageMaster 2D Platinum image analysis software were used. The NPC 2-DE maps show that high quality and good reproducibility of the 2-DE gel pattern was attained. An average total of 1,100 protein spots were separated by 2-DE, visualized by a modified colloidal Coomassie Brilliant Blue staining method. A synthesized 2-DE reference gel was acquired after detailed analysis of the NPC 2-DE gel maps, and 216 medium to high abundant spots were identified as landmark spots of NPC 2-DE gel, which expressed on >75% of gels. To provide an unambiguous identification of the landmark spots in gels, MALDI-TOF, ESI-Q-TOF mass spectrometry and database search were used to identify the proteins expressed in NPC tissue proteome. Between the 216 landmark spots, all proteins were identified with MALDI-TOF at first, 41 of which were identified with both MALDI-TOF and ESI-Q-TOF. All identified proteins were classified in terms of their subcellular localization and physiological function with information from SWISS-PROT and NCBI websites. According to our knowledge this is the first 2-DE reference map of human NPC. This reference map will serve as a basis for further studies of human NPC and the reference map data will be used to expand the proteome database of human NPC, which can be accessed in our website http://www.xyproteomics.org/.
Introduction
Nasopharyngeal carcinoma (NPC) is one of the most common cancers in southern China and Southeast Asia. This cancer is prevalent in the southern part of China including Guangdong and Hunan Provinces (25-50/100,000) but less so among northern Chinese (3/100,000). Moreover, the Cantonese are the most frequently affected population and have an incidence rate of NPC nearly 100-fold higher than that seen in Caucasians. The marked geographic and racial differences in incidence of NPC indicate that the development of this cancer must be related to special genetic and environmental factors (1) (2) (3) .
Molecular genetic studies have indicated that inactivation of tumor suppressor genes on 3p, 9p, 11q, 13q, 14q and 16q and alterations of oncogenes on chromosomes 8 and 12 are important in the pathogenesis of NPC. LOH studies also suggested that multiple tumor suppressor loci at 3p13-14.3, 3p21, and 3p21-25 were involved (4) (5) (6) . In addition to genetic alteration, Epstein-Barr virus (EBV) latent infection plays an important role in pathogenesis of NPC. The detection of a single form of viral DNA in NPC cells suggests that the tumors are clonal proliferations of a single cell that was initially infected with EBV. Environmental factors including traditional diets and early exposure to salted fish have also been reported to be high risk factors with nasopharyngeal carcinoma (7) (8) (9) .
However, these research topics of NPC mainly focused on a minority of interesting proteins and genes. As we all know, NPC carcinogenesis is a result of complex interaction processes of multiple genes, multiple proteins and multiple factors. The study of a minority of several proteins or genes will not be sufficient to understand the pathogenesis of NPC in a global eye (10) . Therefore, a global analysis system such as proteomics is needed to analyze all parameters as far as possible that might participate in the pathogenesis of NPC (10) (11) (12) .
Proteomics mapping of tissue and cell proteins is the preferred method for investigating the pathogenesis of human NPC. The differentially expressed proteins can be identified through comparing the 2-DE reference gels representing the typical pattern of human NPC with normal nasopharyngeal INTERNATIONAL JOURNAL OF ONCOLOGY 30: 1077 -1088 , 2007 A reference map of human nasopharyngeal squamous carcinoma proteome epithelia. Because differentially expressed spots among the matched 2-DE gels can be varied especially when there are some inconstant differentially expressed spots, many samples are needed to confirm their validity. On the other hand, the differentially expressed spots may be artifacts that are introduced by gel warping. Thus, in order to conduct a confirmed comparative proteomics study of the NPC, a reference map of NPC proteome is needed. Several 2-DE reference maps are now available on the ExPASy website, including maps of various microorganisms and also those of human organs, cells, and fluids, as well as those of several cell lines (13, 14) . To our knowledge, no detailed 2-DE reference map of human NPC is currently available. To fill this gap, we constructed a 2-DE reference map of human NPC. In our laboratory, the experimental conditions and reproducibility of 2-DE have been optimized (15) , and it was used in this study. A modified colloidal Coomassie Brilliant Blue staining method, which was so called Blue Silver staining, was used to visualize more protein spots in the 2-DE gels and improve compatibility with mass spectrometry (16) . MALDI-TOF MS and ESI-Q-TOF tandem mass spectrometry were used at the same time to validate each other and acquire unambiguous protein identification.
On the 2-DE reference gel of human NPC we identified 216 distinct spots. The data are presented in terms of the different functional classes of proteins and their relevance to the NPC proteome. The 2-DE reference map of human NPC will offer a basis for research involved in NPC, and open the way to investigate the NPC protein changes associated with NPC pathogenesis. Reagent. Immobiline pH-gradient DryStrips (pH 3-10L, 24 cm), IPG buffer (pH 3-10), DryStrip cover fluids, thiourea, urea, CHAPS, dithiothreitol, Pharmalyte (pH 3-10), bromophenol blue, acrylamide/bis-acrylamide (29:1 = w:w), TEMED, low-molecular-weight marker, Tris-base, SDS and glycine were purchased from Amersham Pharmacia Biotech. Mercaptoethanol, iodoacetamide, HCl, Coomassie Brilliant Blue G-250, and 37% v/v formaldehyde were from Sigma. Acetic acid, glycerol, methanol, sodium thiosulfate, and sodium carbonate were from Fisher. PAGE (12%) resolving gel was cast with a DALT II Gel Caster. All buffers were prepared with Milli-Q water.
Materials and methods

Instruments
Tissue samples (preparation of tissue proteins). Twenty fresh nasopharyngeal carcinoma biopsy specimens were obtained from Xiangya Hospital, Central South University, Hunan Province, P.R. China, and were diagnosed by pathology. These specimens were immediately frozen in liquid nitrogen after excision and flushing out of blood and then stored at -80˚C until analysis. The tissue specimens of low-differentiated squamous cell carcinoma were selected in this study. Five tissue specimens were randomly put into a pool and a total of 85 mg nasopharyngeal tissues were ground into powder in liquid nitrogen and lysed in 400 μl lysis buffer (7 mol/l urea, 2 mol/l thiourea, 100 mM/l DTT, 4% CHAPS, 40 mM/l Tris, 2% pharmalyte, 1 mg/ml DNase I). The lysates were incubated at 4˚C for 1 h and centrifuged at 15,000 rpm for 45 min at 4˚C. The super-natant was transferred to a fresh tube and stored at -80˚C until use. The concentration of the total proteins was determined with the 2D Quantification kit (Amersham Biosciences).
2-DE.
2-DE was performed as described by the manufacturer (Amersham Biosciences) and Görg et al (17) . Protein samples (800 μg for preparative gels) were mixed with loading buffer for IPG strips to obtain a final volume of 450 μl. Firstdimension IEF was performed using IPGstrip (pH 3-10L, 240 mm x 3 mm x 0.5 mm) on an IPGphor isoelectric focusing cell. In the reswelling step of dry IPG strips, 30 v was applied at the same time. Second-dimension SDS-PAGE was performed on an Ettan DALT II system. After electrophoresis, the Blue Silver staining method was used to visualize the protein spots in the 2-DE gels.
Image analysis. The stained 2-DE gels were scanned with MagicScan software on Imagescanner. ImageMaster 2D Platinum analysis software was used for spot intensity calibration, spot detection, background subtraction, and 1-D calibration. After matching analysis of the NPC 2-DE gel maps, a synthesized NPC 2-DE reference gel was acquired. The relative volume (% Vol) of each spot was quantified by calculation of spot volume after normalization of the image using the total spot volume normalization method multiplied by 100. Two hundred and sixteen spots with medium to high relative volume and expressed on >75% gels were identified as landmark spots of the NPC 2-DE synthesized reference gel. The reproducibility of the spot position was calculated with Gorbett's method (18) . Statistical analysis was carried out with SPSS for Windows 10.0 and Excel.
Protein identification. Landmark spots were excised from preparative gels using punch and transferred into a 1.5-ml siliconized Eppendorf tube. One protein-free gel piece was treated in parallel as a negative control. Proteins were in-gel digested as previously described. The gel-pieces were destained according to the EMBL Bioanalytical Research Group's in-gel digestion protocol. The dried gel-pieces were incubated in 10 μl digestion solution consisting of 40 mM/l NH 4 HCO 3 in 9% acetonitrile solution and 20 μg/ml proteomics grade trypsin for 10-12 h at 37˚C. The tryptic peptide mixture was extracted and purified with a Millipore ZipTipC (18) column.
The samples were analyzed with a MALDI-TOF Mass Spectrometer (ABI) or ESI-Q-TOF mass spectrometry (Micromass). The purified tryptic peptide mixture was mixed with CCA matrix solution and vortexed gently. A volume (1 μl) of the mixture containing CCA matrix was loaded on a stainless steel plate and air-dried. The standard peptide mixture was spotted at the same time to correct the machine. The parameters of MALDI-TOF were set up as follows: positive ion-reflector mode, 20-kV accelerating voltage, 64.5% grid voltage, 1.12 mirror voltage ratio, 337-nm N 2 laser wavelength, 3-ns pulse width, 50 laser shots, 800-to 3000-Da acquisition mass range, 100-ns delay, and 4x10 -7 Torr vacuum degree. Some mass spectra were obtained on an ESI-Q-TOF mass spectrometry fitted with a nanoelectrospray ionization source. For on-line LC/MS analysis, a Waters CapLC solvent delivery system was coupled to the mass spectrometry. The samples were loaded to a pre-column [320 μm x 50 mm, 5 μmC (18) silica beads, Waters] at 30 μl/min flow rates for concentrations and fast desalting through a Waters CapLC Autosampler, then eluted to the reversed phase column (75 μm x 150 mm, 5 μm, 100A, LC Packing) at a flow rate of 200 nl/min after flow splitting for separation. MS/MS spectra were performed in data-depended mode in which up to 4 precursor ions above an intensity threshold (7 counts/ sec, cps) were selected for MS/MS analysis from each survey 'scan'. The nanoelectrospray parameters were 3,000 V for capillary voltage, 45 V for cone voltage, 80˚C for source temperature and 15 psi collision gas back pressure.
Database analysis. In peptide mass fingerprint (PMF) map database searching, Mascot Distiller was used to get the monoisotopic peak list from the raw mass spectrometry files. The monoisotopic peak list was used to search the MSDB or NCBInr database with the Mascot search engine (http://www. matrixscience.com/). The searching parameters were set up as follows: the taxonomy was selected as all entries or Homo sapiens; the mass tolerance was ±200 ppm; missed cleavage sites were allowed up to 1; fixed modifications were selected as carboxymethyl (cysteine); the variable modification was selected as Oxidation (methylation) or none.
In tandem mass spectrometry data database query, the PKL format file that was generated from MS/MS mass spectrometry was imported into the Mascot search engine. The searching parameters were set up as follows: the taxonomy was selected as all entries or Homo sapiens; the mass tolerance was ±1.0 Da; the MS/MS tolerance was ±0.5 Da; missed cleavage sites were allowed up to 1; fixed modifications were selected as carboxymethyl (cysteine); the variable modification was selected as Oxidation (methylation) or none; the data format was selected as Micromass PKL format and the Instrument was selected as ESI-QUAD-TOF.
Results and discussion
Protein preparation and separation. In NPC histological pathology, >95% of NPC belong to low differentiated nasopharyngeal squamous cell carcinoma or non-differentiated squamous cell carcinoma. The high malignancy of NPC results in tumors increasing rapidly and metastasizing at the early stage, and >75% of patients were at stage III or IV when diagnosed (2) . Because of the importance of low differentiated nasopharyngeal squamous cell carcinoma in NPC, all the cases used in this study were diagnosed by pathology to be low differentiated nasopharyngeal carcinoma. Due to the especially anatomic localization and biological feature of NPC, the weight of NPC biopsy tissues usually will be no higher than 20 mg, so it is very important to recover NPC tissue powers from mortar as much as possible and increase protein extraction efficiency at the same time. To improve the protein solubility of the NPC tissue sample, chemical and physical methods were combined to process the tissues and extract proteins. Based on our previous protocol, some modifications have been made here: to improve protein solubilization, a combination of urea and thiourea was used, and pharmalyte was added to protein solubilization buffer; to remove any indissoluble material before IEF, sufficient time centrifugation (45 min x 15,000 x g, 4˚C) was used.
For the 2-DE system, a 24-cm IPGstrip combined with the vertical multigel electrophoresis system was used in this study. More protein spots can be separated by a 24-cm pH 3-10L IPGstrip than other IPGstrips because of its length. The vertical multigel electrophoresis system, which can analyze up to 12 gels at a time, can provide a higher reproducibility between 2-DE gels. 2-DE gel patterns of a human NPC proteome with high-resolution and high-reproducibility were attained ( Fig. 1 ). An average total of 1,100 protein spots were detected in the 2-DE map shown in Fig. 1 and the average positional deviation of the matched-spots among four replicate 2-DE gels of one pool was 1.55±0.35 mm in the IEF direction, and 1.78±0.55 mm in the SDS-PAGE direction according to Gorbett's calculating method (data not shown).
2-DE map of human nasopharyngeal squamous carcinoma.
To reliably identify the differentially expressed proteins in the two-dimensional difference gel electrophoresis, the landmark spots in the 2-DE gel reference maps would be very helpful for the following reasons: a) when the difference spots were low expressed proteins, it was difficult to identify them without the aims of landmark spots; b) at the current 2-DE technology condition gel distortion was difficult to fully discover, which increased the difficulty of image analysis and the need for landmark spots to correct gel distortion; c) the 2-DE image analysis software was not ideal for spot detection or gelmatching, most of the software still needed human eyes to find the matched landmark spots; d) the 2-DE maps would be insufficient for image analysis when the analyzed samples are very complex; and e) the 2-DE gel reference map provided some useful composition information of the analyzed cells. One study showed that even housekeeping proteins such as GAPDH, ß-actin and ß-tubulin varied much between a number of different established renal cancer cell lines, matched pairs of renal tumor and normal kidney lysates as well as nine different human tissues (19) . Thus, a good 2-DE reference map of human nasopharyngeal squamous carcinoma with many landmark spots is essential for a reliable comparative proteomics study of different differentiated degrees of nasopharyngeal squamous carcinoma, NPC and normal nasopharyngeal epithelia. In the 2-DE maps shown in Fig. 1 , Blue Silver, a modified method of colloidal Coomassie Brilliant Blue staining was used to attain the high quality NPC 2-DE gel maps, and an average of 1,100 protein spots of every gel were detected through this modified staining method by 2-DE gel analysis software ImageMaster 2D Platinum. The green box region was magnified and red arrays showed the matched landmark spots in this region. In Fig. 2 , 216 spots highly expressed in 75% of gels and identified as landmark spots in the reference gel were marked with a purple number and red arrow, respectively, in the center of the spots a green plus symbol was added automatically by ImageMaster 2D Platinum.
Undoubtedly, silver staining is a more sensitive staining method than Coomassie Brilliant Blue staining as it can visualize more spots in 2-DE gels, but this method also has problems: first, the linear consistency of protein spot quantity with protein spot volume is not as good as with Coomassie Brilliant Blue staining, so many differential proteome analyses prefer classical organic dyes of the Coomassie family or use fluorescence dye; second, the compatibility of mass spectrometry is not as good as Coomassie Brilliant Blue staining, which will greatly affect the successful identification of the protein spots of the gels, especially low abundance protein spots. Blue Silver, a modification method of colloidal Coomassie Brilliant Blue with a sensitivity close to silver staining and the advantage of linear consistency and mass spectrometry compatibility should be the right choice in 2-DE gel staining.
Protein identification by MS. All spots were identified by MALDI-TOF PMF at first, 41 spots among these spots were identified by MALDI-TOF PMF and ESI-Q-TOF tandem MS/MS simultaneously. The detailed information of identified proteins is listed in Table I , which can also be accessed from Table I . Detailed information about the identified proteins. Table I . Continued. Table I . Continued.
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Sequence Coverage and scores of database querying are also provided. Furthermore, the number of matched query and number of input monoisotopic peaks are provided in Table I . A representative MALDI-TOF mass spectrometry map and database query result are shown in Fig. 3A . A total of 60 monoisotopic peaks were input into MASCOT PMF database search program (http://www.matrixscience.com/cgi/search form.pl?FORMVER = 2& SEARCH = PMF). The matched peptide fragment number is 15, the database query score is 168 and the query result shows that protein is RNA-binding protein regulatory subunit. The sequence of matched peptide fragment, start-end position and the error between theoretical peptide mass and experimental peptide mass are also shown in Fig. 3A . Illustrated as this example, a high quality of PMF mapping is an essential fundament to successfully query databases. With the high quality of peptide mass fingerprint mapping, a default setting can be used to process the PMF map to get the monoisotopic peak lists without filtering the contaminated peak lists. On the other hand, it can be more easy to attain an unambiguous result with a probability based algorithm such as MASCOT than using software based simply on scoring algorithm (20) . The MS/MS results of the same spot are shown in Fig. 3B , an 8-amino acid peptide and a 26-amino acid peptide were sequenced. Although the sequence coverage of the tandem mass spectrometry identified peptide fragments is lower than that acquired by MALDI-TOF mass spectrometry, the score of the tandem mass spectrometry identified result is higher than the score of PMF. Part of the coverage sequence identified by both two kinds of mass spectrometry is identical, which illuminate that the identified result is unambiguous.
Subcellular localization and functional groups of the identified proteins.
The 216 identified proteins of NPC have been classified in terms of their subcellular localization (Fig. 4A ) and physiological function (Fig. 4B ) using information from SWISS-PROT and NCBI websites. The majority of identified proteins of NPC (Fig. 4A) are localized in the cytoplasm (34%), cytoskeleton (14%) or several major cellular compartments such as nucleus (6%) and endoplasmic reticulum (ER, 4%) or several compartments (4%). Only 4% of these proteins were membrane proteins and 3% mitochondria, which shows membrane proteins need more stringent protocol to be extracted. Moreover, a relative part of identified proteins were extracellular proteins (4%), such as vimentin that was identified in secretome. Among them, 24% identified proteins were plasma proteins, and 27 protein spots were identified as hemoglobin and fibrinogen or their isoforms, which indicates that the use of more pure nasopharyngeal carcinoma tissue would help to decrease the contamination from blood.
A large group of the identified proteins are subcellular defense proteins (11%), such as peroxiredoxin 1, 2, 3, 5, 6, the different isoforms of peroxiredoxin, which are involved in redox regulation of the cellular function and are associated with various biological processes, such as the detoxification of oxidants, cell proliferation, cell differentiation and gene expression (21) . Heat shock proteins 27, 70, 9B precursor are also in this class, which are produced at a high level by cells to protect themselves against unfavorable conditions. Seven percent of the proteins identified are metabolic enzymes such as triosephosphate isomerase, glyceraldehyde-3-phosphate dehydrogenase, · enolase, etc., which are involved in several metabolic pathways. These metabolic enzymes were also found in other expression proteome studies, which showed they were housekeeping proteins (22, 23) . Structural proteins are a large part of the identified proteins (18%), for example, actin, tubulin, and keratin. Several actin related proteins were also identified such as profilin, destrin and F-actin capping protein ·-1 subunit. Some of these actin-binding proteins are essential for the reorganization of actin filaments as a cellular response to various growth factors, and which could play crucial roles in human disorders (24) . Seventeen percent of the identified proteins are involved in signal transduction proteins, for example, phosphoglycerate kinase 1, calgranulin, and rasrelated protein rap-1a. Several heterogeneous nuclear ribonucleoproteins were also identified as signal transduction proteins, such as heterogeneous nuclear ribonucleoprotein F, H1, L. More detailed information about the function and localization of the identified proteins is showed in Table I .
In conclusion, in the present study, we constructed a 2-DE reference map of human nasopharyngeal squamous carcinoma, including 216 identified proteins. To our knowledge, this is the first 2-DE reference map of human NPC. This reference map will serve as a basis for further studies of NPC, especially the proteomic comparison among different cell types of NPC, different differentiated degrees of NPC, different stages in the process of NPC, or between the NPC tissue and normal nasopharyngeal epithelial tissue. The reference map data will be used to expand the proteome database of the human NPC, which can be accessed on our website (http://www.xyproteomics.org/en). Furthermore, the mapping data also provide basic data for integrating the genomic, transcriptomic and proteomic research results to reveal the molecular mechanism of NPC and to screen tumorrelated markers. 
